INTRODUCTION
Gaillardia pulchella Foug., popularly known as blanket flower and a member of the Asteraceae family, is a native species of American Midwest. Now its cultivation has been expanded throughout the world because of its similarity to chrysanthemum and possibility of year round cultivation 1 .
The sesquiterpene lactones are characteristic compounds among the numerous secondary metabolites found in the Asteraceae family and in the Gaillardia species and they can be considered chemotaxonomic markers, while some flavonoids are probably typical for them 2 4 . It also has been reported that the extracts of the Gaillardia sp. possess antiparasitic, antitumoral and cytotoxic activities 5 7 .
However, to the best of our knowledge, there are no reports on the chemical composition and bioactivities of the essential oil extracted from G. pulchella, and this will be the first report on the essential oil of this species. 
EXPERIMENTAL

Extraction of essential oil
The sample was soaked in water for 12 hours and then subjected to hydrodistillation for 3 hours using a Clevenger-type collector 8 . The obtained pale yellow essential oil was dried over anhydrous sodium sulfate and stored at 4 .
Gas chromatography-mass spectrometry
Analyses were carried out using a Hewlett Packard 6890 gas chromatograph fitted with an DB-5MS fused silica column 5 Phenyl 95 polydimethylsiloxane 30 m 0.25 mm, film thickness 0.25 μm , interfaced with a Hewlett Packard mass selective detector 5973 Agilent Technologies, Palo Alto, CA, USA operated by HP Enhanced ChemStation software, version A.03.00. GC parameters were the same as above; interface temperature: 250 ; MS source temperature: 230 ; MS quadrupole temperature: 150 ; ionization energy: 70 eV; ionization current: 60 μA; scan range: 50-550 amu; scans/s: 4.51.
The oil components were identified from their GC retention indices RI obtained with reference to n-alkanes series on DB-5MS column, comparison of their mass spectra and fragmentation patterns reported in literature 9 and by computer matching with Nist 1.7 Mass Spectral Database for GC-MS.
Determination of DPPH Radical Scavenging Activity
Experiments were carried out as described previously 10 .
The sample was diluted to various concentrations of 200, 100, 50, 25, 12.5 μg /ml with ethanol. Ethanol solution 1 ml of DPPH 0.1 mM was added to 1 ml of the above sample solutions of different concentrations, and allowed to react at room temperature. After 30 min the absorbance values were measured by spectrophotometer at 517 nm and the capability to scavenge the DPPH radical was calculated using the following equation: DPPH Scavenging effect 1 A sample A blank / A control 100 Ethanol 1.0 ml plus plant extract solution 1.0 ml was used as the blank. DPPH solution 1.0 ml; 0.1 mM plus ethanol 1.0 ml was used as the negative control. In this assay, Ascorbic acid was used as the standard. All measurements were performed in triplicate.
Reducing Power
The antioxidant potential of the oil was also measured from their ability to reduce Fe III to Fe II . Sample of the essential oil 1 ml, 12.5-200 μg/ml was mixed with phosphate buffer 2.5 ml, 0.2 M, pH 6.6 and potassium ferricyanide 2.5 ml, 1
; the mixture was incubated at 50 for 20 min. Trichloroacetic acid 2.5 ml, 10 was added to the mixture, which was then centrifuged at 3000 rpm for 20 min. The upper layer of the solution 2.5 ml was mixed with distilled water 2.5 ml and FeCl 3 0.5 ml, 0.1 , and the absorbance was measured at 700 nm 11 . Increased absorbance of the reaction mixture indicated increased reducing power. Ascorbic acid was used as the standard and all readings were taken in triplicate.
Prevention of lipid oxidation
Oil-in-water emulsions 25 ml were prepared by homogenizing 2.5 ml of menhaden oil with 22.5 ml 0.1 M acetate buffer pH 5.4 , containing different concentrations of essential oils 12.5-200 μg/ml of emulsion and 1 lecithin as an emulsifier. The mixture was homogenized in an ice bath for 5 min and then sonicated in an ice bath for 5 min. The prepared oil-in-water emulsion was kept at 30 in the dark. The control oil-in-water emulsion was prepared in the same manner without essential oil. Emulsions were taken after 3 days for the determination of thiobarbituric acid-reactive substances TBARS assay, performed as described previously 12 . 0.5 ml of oil-in-water emulsion sample was mixed with 2.5 ml of a TBA solution containing 0.375 thiobarbituric acid, 15 trichloroacetic acid and 0.25 N HCl. The mixture was heated in boiling water for 10 min, cooled with running tap water and then sonicated for 30 min followed by centrifugation at 5000 rpm at 25 for 10 min. The absorbance of the supernatant was measured at 532 nm. The effect of the oil on lipid oxidation after the sample blank substraction was calculated as follows: Lipid oxidation inhibition 1 A sample /A control 100 Tertiary butylhydroquinone TBHQ was used as the standard and all readings were taken in triplicate.
RESULTS AND DISCUSSION
Essential oils were extracted from G. pulchella flowers with a yield of 0.5 v/w . The analysis of the essential oil composition from G. pulchella is presented in Table 1 . Twenty-eight compounds were characterized representing 92.63 of the essential oil with n-Hexadecanoic acid 26.90 , Phytol 7.58 and Cyclopropaneoctanoic acid, 2-2-2-ethylcyclopropyl methyl cyclopropyl methyl -, methyl ester 6.73 as the main components. A comparison of the essential oil constituents of G. pulchella, G. megapotamica var. scabiosoides, and G. cabrerae showed that pinenes, limonene, caryophyllene and caryophyllene oxide were common to all these Gaillardia species 13 . As compared to other species, G. pulchella contained less monoterpenoids and sesquiterpenes than essential oils from other species, such as pinenes, limonene, and caryophyllene, but contained more unsaturated fatty acids, alcohols, esters and aromatics. For instance, only a trace amount of caryophyllene was found in the oil of G. pulchella, whereas it reached 11.7 and 3.6 in G. megapotamica var. scabiosoides and G. cabrerae respectively, while n-Hexadecanoic acid was 26.90 in G. pulchella, but it was totally absent in other species like G. megapotamica var. scabiosoides, and G. cabrerae. In these studies, correlative chemometric resolution methods were used, based on retention index of GC-MS 14 .
In order to evaluate the antioxidant activity of the essential oil from G. pulchella, two different extracorporeal antioxidant methods DPPH scavenging activity and reducing power were used Table 2 . For the validation of this method, ascorbic acid was run as a standard along with the samples. The DPPH free radical is a stable free radical, which has been widely used as a tool for testing the freeradical scavenging activities of antioxidants 15 . The essential oil of G. pulchella provided dose-dependent DPPH scavenging efficacy, and the scavenging value reached 72.34 at the concentration of 200 μg/ml. The EC 50 value of essential oil was 70.95 μg/ml. The reducing power method is based on electron transfer ability of the test sample to reduce Fe III to Fe II . Therefore, the reducing capacity of a compound may serve as a significant indicator of its potential antioxidant activity 16 . Like DPPH scavenging activity, the reducing power of G. pulchella essential oil increased with the increasing concentrations of the essential oil. The highest absorbance value was 0.643 at the concentration of 200 μg/ml. Preventive effect of the oil on lipid oxidation of menhaden oil-in-water emulsion was also evaluated. The lipid oxidation inhibition increased as the concentration of the essential oil increased. Although the inhibition didn t as high as TBHQ, the result still confirmed the ability of G. pulchella essential oil as an antioxidant to lower the lipid oxidation in menhaden oil-in-water emulsion. In conclusion, our results showed that the essential oil from G. pulchella possessed good antioxidant activity, which made it a potential natural antioxidant. The antioxidative effectiveness of essential oil from G. pulchella may be related to its content of phenolic compounds 17 , such as 2-Naphthalenol, 2, 3, 4, 4a, 5, 6, 7 -octahydro-1, 4a-dimethyl-7-2-hydroxyl-1-methylethyl 3.94 . Additionally, the antioxidant activity may be due to the presence of some terpenoids, including limonene 2.31 , α-cadinol Total Identified 92.63 a Compounds are listed in order of their elution from a DB-5 column. b RI = retention indices as determined on DB-5MS column using homologous series of n-alkanes. c Percentages obtained by FID peak-area normalization; values represent an average of three determinations.
3.11 , phytol 7.58 and so on. This paper firstly reported the chemical composition and antioxidant activity of the essential oil from G. pulchella flowers. These findings, considered together, suggested that the essential oil had potential to be developed as a natural antioxidant for storing products or pharmaceutical use. The results provided a reference point for further research on the chemical composition of the essential oil from G. pulchella flowers as well as for its utilization.
